Two experiments were conducted to investigate the effect of a threatening stimulus in human adults in a temporal bisection task. In Experiment 1, for two anchor duration conditions (400/800 vs. 800/1600 ms), the participants completed trials in which the probe duration was followed by an aversive stimulus or a nonaversive stimulus. The results showed that the duration was judged longer when the participants expected an aversive rather than a nonaversive stimulus. In Experiment 2, the effect of the temporal localization of the aversive stimulus was also tested, with the aversive stimulus being presented at the beginning or at the end of the probe duration. The results revealed a temporal overestimation in each condition compared to the trials in which no aversive stimulus was presented. Furthermore, the temporal overestimation was greater when the expectation for the forthcoming threatening stimulus was longer. This temporal overestimation is explained in terms of a speeding-up of the neural timing system in response to the increase in the arousal level produced by the expectation of a threatening stimulus.
After several decades of studies on how and why humans are able to estimate time accurately, there is now renewed interest in the fluctuations in time judgments. However, contrary to some of the early pioneers in psychology who attempted to explain time distortions in humans in terms of inability to reason logically about time, it is now acknowledged that these time distortions may result from the flexibility of the neural timing system which allows organisms to adapt to their environment Wittmann, 2009) .
Emotion has been shown to be one of the major sources of these variations in time judgments. Using pictures from the International Affective Picture System (IAPS), Angrilli, Cherubini, Pavese, and Manfredini (1997) showed that the presentation of high-arousing pictures of negative valence was overestimated compared to that of low-arousing pictures. The authors explained this temporal overestimation by the fact that perceiving such pictures activates autonomic nervous system responses (e.g., blood pressure increases) which in turn increase the rate of a neural timing system which functions as an internal clock. Depending on the adopted internal clock model, the representation of time is determined by the number of pulses produced by a pacemaker-accumulator clock system (Treisman, 1963; Gibbon, Church, & Meck, 1984) or by the frequency of cortical oscillations (Matell & Meck, 2000; Meck, Penney, & Pouthas, 2008) . Whatever the case, when the arousal level increases, the speed of the clock-type system increases and the perceived time is judged longer.
However, when investigating other pictures which were also rated as highly arousing, but of positive rather than of negative valence, Angrilli et al. (1997) found that time was not overestimated but instead underestimated. This suggests that the effect of emotional stimuli on time judgments depends on the function of each stimulus in a specific situation and its significance for individuals (Frijda, 1986) . Recently, using facial expressions of anger and disgust, both of which were rated as arousing, Droit-Volet and her colleagues also found no time distortion for disgust (DroitVolet & Meck, 2007; ). Only the angry face produced a lengthening of perceived time compared to neutral faces. Because the basic function of disgust is to avoid the ingestion of bad foods (Darwin, 1872 (Darwin, /1998 Rozin & Fallon, 1987) , a disgusted face may not be sufficiently relevant to affect time processing. In contrast, angry faces represent a social signal of potential aggression (Cannon, 1929; Marsh, Ambady, & Keck, 2005) . Consequently, the perceiving organism must quickly prepare to respond (attack or escape) in order to survive. In other words, when subjects expect aversive outcomes (aggression), the rate of the internal clock increases, and the readiness to respond accelerates. This lengthening of perceived time is thus an indirect index of the acceleration of the nervous system under critical conditions. To summarize, the effect of emotion on time perception depends on the function of each emotional stimulus. The aim of the present study was to test in human adults a new emotional stimulus, namely a stimulus that represented a threat for all the participants.
As suggested, angry faces constitute threatening and arousing stimuli (Droit-Volet & Meck, 2007; Effron, Niedenthal, Gil, & Droit-Volet, 2006; Tipples, 2008; Doi & Shinohara, 2009 ). However, the magnitude of the temporal overestimation produced by these faces was relatively low, with observed effects exhibiting a certain between-subjects variability. This is probably due to the fact that the participants simply viewed pictures of angry faces and that this situation is not as highly arousing as the experience of a genuinely present fear-inducing stimulus would be. To test stressful conditions that have a greater impact on time judgments than simple emotional pictures, a small series of studies have exposed human adults to life-threatening events (Anderson, Reis-Costa, & Misanin, 2007; Campbell & Bryant, 2007; Falk & Bindra, 1954; Frankenhaeuser, 1960; Hancock, 1986; Langer, Wapner, & Werner, 1961; Watts & Sharrock, 1984) . For example, Watts and Sharrock (1984) placed a 3-cm spider in front of participants suffering from arachnophobia. The participants were then instructed to verbally estimate the period of time (45 s) spent looking at the spider. As expected, the phobic participants produced longer estimates (60.14 s.) than their nonphobic counterparts (41.11 s.). Similarly, Langer et al. (1961) showed that a specific interval of 5 s was more greatly overestimated in a dangerous situation in which the participants were transported on a platform toward a precipice, than when there was no danger, that is, when they were moved away from the same precipice. These different studies, which have made use of a genuinely threatening event, have revealed a lengthening of perceived time consistent with that observed in studies that have used fear-inducing pictures (faces or IAPS). They also have the advantage of using significant threatening conditions in which subjects experience negative emotion directly and which, furthermore, seem to have a greater impact on time estimates than pictures (Hancock & Weaver, 2005) . However, the methods used in these studies, which involved a small number of trials and tested target durations, reveal that it is difficult to experimentally control the ecological events that are being examined and to reuse the same events with a wide range of different durations. This makes it impossible to test whether the fundamental scalar properties of time-that is, mean accuracy, and an increase in the variability (SD) of time estimates with duration value-still hold in these threatening situations (for a review, see Wearden & Lejeune, 2008) .
In animals, Meck (1983) has tested these timing properties using the temporal bisection task with a footshock stress condition. In this temporal bisection task, the animals were trained to discriminate between a short and a long anchor duration. They were then tested with probe durations of intermediate or similar values. The results showed that the animals produced orderly bisection functions even under stressful conditions, with the proportion of long responses (responses judged as similar to the long anchorduration) increasing with the duration value. This demonstrates that continuous footshock stress did not disrupt the perception of time. Furthermore, in the stressful condition, the animals responded "long" more often, thus shifting the bisection function toward the left and lowering the point of subjective equality which is also referred to as the bisection point (BP; i.e., the stimulus duration giving rise to a proportion of long responses equal to .50). In line with the results of the studies of fear described above, this suggests that the footshock stress increased the speed of the animals' internal clock (Meck, 1983) .
To date, no studies conducted among human adults have investigated the effect of a threatening event similar to that used by Meck (1983) in animals in a bisection task. In our studies, we decided to use an aversive stimulus that permits easy experimental manipulation, that is, a 50 ms burst of 95 dB white noise with instantaneous rise time. This sound was originally tested by Hillman, Hsiao-Weckslerb, and Rosengren (2005) . It is associated with the startle reflex which is characteristic of a primitive defensive reaction. Moreover, because autonomic activity due to the arousal dimension of emotion is known to cause skin conductance responses (SCRs) (Bradley & Lang, 2000; Sequeira, Hot, Silvert, & Delplanque, 2009 ), we pretested the arousing nature of this aversive sound by measuring the SCR in a sample of participants. We also pretested both the subjective affective valence and arousal dimension of this stimulus-using the Self-Assessment Manikin (SAM; Lang, 1980) -and the different emotions that are induced. Finally, we tested other participants using a temporal bisection task involving trials in which the stimulus duration either was or was not followed by this aversive sound. We also performed testing using a nonaversive stimulus (a beep) in order to investigate the effect on time perception of the expectancy of an aversive stimulus compared to that of a nonaversive stimulus.
Experiment 1 Methods
Participants. Thirty students took part in the temporal study. All gave informed consent and were paid €10 for their participation.
Material. The participants sat in a comfortable position in front of a PC that controlled the events and recorded the responses via the psychology software product E-prime (1.2. Psychology Software Tools, Pittsburg, PA). In the temporal bisection task, the stimulus to be timed was a blue circle (2.5 cm in diameter) presented in the center of the computer screen and the participants gave their responses by pressing two keys (k, d) on the computer keyboard. The acoustic signal was delivered binaurally using calibrated headphones. There were two acoustic signals: one aversive and one nonaversive. The aversive signal consisted of a 50 ms burst of 95 dB white noise with instantaneous rise time (Hillman et al., 2005) . The nonaversive signal was a beep of 50 dB lasting 50 ms.
In order to verify that the aversive signal produced a physiological high-arousing reaction as suggested by Hillman et al. (2005) , SCRs were assessed in 14 additional participants. These participants completed 18 trials (6 ϫ 3), that is, 6 for each type of trial: (1) with an aversive sound, (2) with a nonaversive sound, and (3) without sound. The presentation order of the trials was random. The composition of the trials was the same as for the temporal bisection task (see below), except for the intertrial interval of 20 s. SCRs were recorded using the constant-voltage method (0.5 V) and were measured by means of Ag-AgCl electrodes attached to the palmar side of the middle phalanges of the second and the third fingers of the nondominant hand. The electrodes were connected to a galvanic skin response amplifier and a Powerlab/16SP data recorder (ADInstruments). SCRs were measured in microSiemens and the common 1-4 sec latency window was assumed, that is, between 1 and 4 seconds following stimulus onset (Dawson, Schell, & Filion, 2000) . For the analyses, the SCRs were square root transformed to normalize the response amplitude data (Edelberg, 1972) , and were averaged for each type of trial. The ANOVA run on SCRs with trial type as a within-subjects factor revealed a significant main effect of this factor, F(2, 26) ϭ 4.09, p ϭ .03. The amplitudes of the SCRs were greater for the aversive trials (.83) than for either the nonaversive (.54) or the silent (.53) trials (t(13) ϭ 2.61, t(13) ϭ 2.27, respectively, both p Ͻ .05). In contrast, the nonaversive trial produced SCRs of low amplitude close to that found for the silent trials, t(13) ϭ 0.08, p Ͼ .05. The greater SCRs in response to the aversive signal demonstrated that the 50 ms burst of 95 dB white noise is a high-arousing fearinducing stimulus.
The emotions induced by hearing the aversive and the nonaversive acoustic signals used in the reported study were also rated by 20 other participants. We used the SAM (Lang, 1980) to assess two major subjective emotional dimensions: affective valence and arousal. For each acoustic signal, the participant heard the sound and rated its affective valence on a 9-point scale going from a frowning, unhappy figure to a smiling happy figure, and rated its arousal level on a scale going from a relaxed, sleepy figure to an excited figure. The participants then rated the intensity of 5 different emotions (anger, fear, happiness, neutrality, sadness) felt when they heard each sound on a 6-point scale ranging from 0 (I don't feel it) to 6 (I feel it very strongly). The sound presentation order was counterbalanced across participants, and the five emotion scales were presented randomly.
The ANOVA run on affective valence with acoustic signal and order of signal presentation as factors showed a significant main effect of signal, F(1, 18) ϭ 125.39, p ϭ .0001, thus demonstrating that the aversive signal was judged to have a negative valence (M ϭ 2.45, SD ϭ 1.43), while the nonaversive signal was judged to have a positive valence (M ϭ 5.70; SD ϭ 1.42). There was also a significant main effect of order, F(1, 18) ϭ 5.46, p ϭ .03, while the order ϫ signal interaction, F(1, 18) ϭ 1.10, p ϭ .31, was not significant. Indeed, the affective valence was judged more negative when the participants heard the aversive signal before the nonaversive signal (M ϭ 4.65) compared to the reverse order (M ϭ 3.45). Concerning the rating of the arousal level, there was also a significant main effect of signal, F(1, 18) ϭ 116.92, p ϭ .0001, while the main effect of order, F(1, 18) ϭ 1.14, p ϭ .30, and the order ϫ signal interaction (F Ͻ 1) were not significant. Therefore, and in line with the SCR data, the aversive signal (M ϭ 7.25, SD ϭ 1.25) was judged to be particularly highly arousing when compared to the nonaversive signal (M ϭ 3.5, SD ϭ 1.5).
The ANOVA performed on the intensity of emotion with acoustic signal, signal presentation order and emotion as factors did not reveal any significant effect involving the signal presentation order (all p Ͼ .10). In contrast, there were significant main effects of signal, F(1, 18) ϭ 14.10, and of emotion, F(4, 72) ϭ 8.10, as well as a significant interaction between signal and emotion, F(4, 72) ϭ 40.17, all p Ͻ .001. The aversive signal was considered to produce more fear (M ϭ 3.25, SD ϭ 1.86) and anger (M ϭ 3.45, SD ϭ 1.57) than the nonaversive sound (M ϭ .05, SD ϭ .22, and M ϭ .35, SD ϭ .93, respectively) (paired sample t tests, t(19) ϭ 7.85, t(19) ϭ 8.74, both p ϭ .0001), while the nonaversive signal was judged to produce more neutrality (M ϭ 3.35, SD ϭ 1.95) and happiness (M ϭ 1.55, SD ϭ 1.53) than the aversive signal (M ϭ .70, SD ϭ 1.3 and M ϭ .05, SD ϭ .22, respectively) (t(19) ϭ 5.69, t(19) ϭ 4.46, both p ϭ .0001), although the level for happiness was particularly low. There were no other significant effects ( p Ͼ .10). To summarize, these results confirm that the participants rated the aversive sound used in the present study as highly arousing and of negative valence. Hearing this aversive stimulus also induced more fear and anger than hearing the nonaversive signal, this latter signal being neutral and more weakly arousing.
Procedure. The participants were assigned to two anchorduration conditions (400/800 vs. 800/1600) with 15 subjects in each condition. In the 400/800 condition, the short and the long anchor durations were 400 and 800 ms, respectively, while the seven probe durations were 400, 467, 543, 601, 668, 735, and 800 ms. In the 800/1600 condition, the short and the long anchor durations were 800 and 1600 ms, while the probe durations were 800, 933, 1066, 1199, 1332, 1465, and 1600 ms. In the temporal bisection task, the participants were initially presented with the two anchor durations, each presented five times in a random order. They were then instructed that they would be presented with a series of stimulus durations and would have to judge whether each duration was more similar to the short or to the long stimulus duration. They were also told that at the end of some of the stimulus durations, they would hear a short noise via their headphones and that this noise would either be pleasant or very unpleasant. Before each trial, a sign indicated whether the duration was to be followed by a pleasant or unpleasant sound or by a silence. The acoustic signal was delivered just 50 ms after the end of the stimulus duration. The participants completed 8 blocks of 21 trials (3 ϫ 7), 3 for each type of trial (unpleasant sound, pleasant sound, silence), and 7 for each probe duration. This resulted in a total of 168 trials. The trials were presented randomly within each block. The intertrial interval was also randomly selected from 1 to 3 s. Each trial began when the participant pressed a button. This was followed by the sign indicating the trial type and, 200 ms later, by the stimulus duration. Figure 1 indicates the bisection function with the proportion of long responses plotted against the probe durations for each anchorduration range. The bisection functions always appeared to be orderly even when the participants were expecting an aversive sound, with the proportion of long responses increasing with the duration value. This suggests that the expectancy of a threatening stimulus did not disrupt time perception. In addition, the expectancy of the aversive sound shifted the bisection function toward the left compared to that of the nonaversive sound, thus indicating that the duration of the stimulus (blue circle) was judged longer when the arousal level increased in response to the expectancy of a forthcoming threatening stimulus. However, although to a lesser extent, the expectancy of a nonaversive stimulus also seemed to shift the bisection function toward the left.
Results
To analyze this signal-related leftward shift of the bisection function, we calculated a BP and a Weber Ratio (WR) for each subject. The BP is the comparison stimulus giving rise to p(long) ϭ .50. The WR is the Difference Limen, i.e., [p(long) ϭ 0.75 Ϫ p(long) ϭ 0.25]/2, divided by the BP. The higher the WR value, the lower temporal sensitivity is. The BP and WR were derived from the logarithmic function fitted to individual-subject data. Table 1 indicated the obtained BP and WR.
An ANOVA was run on the BP with duration as betweensubjects factor, and sound as within-subjects factor. This ANOVA revealed a significant main effect of duration, F(1, 28) ϭ 373.43, p Ͻ .05, thus indicating that the BP value was larger with the 800/1600 than with the 400/800 anchor durations. In addition, there was a significant main effect of sound, F(2, 56) ϭ 24.87, p Ͻ .05, and a significant interaction between sound and duration, F(2, 56) ϭ 5.57, p Ͻ .05. In each duration condition, the difference in the BP between trials with and without sound was significantly greater than zero for the aversive sound, One-Sample t test, 400/ 800, t(14) ϭ 4.01; 800/1600, t(14) ϭ 4.66, both p Ͻ .05, as well as for the nonaversive sound, 400/800, t(14) ϭ 2.77; 800/1600, t(14) ϭ 4.47, p Ͻ .05. Nevertheless, the sound/nonsound difference was larger with the aversive than with the nonaversive sound, especially in the 800/1600 ms condition, t(14) ϭ 2.95, p Ͻ .05, with the difference being marginally significant in the 400/800 ms condition, t(14) ϭ 4.47, p Ͻ .10. In addition, and in line with an increase in clock speed, when the participants expected to hear an aversive signal, the BP difference was greater for the long than for the shorter anchor durations, 800/1600-ms ϭ 179.72 vs. 400/800-ms ϭ 66.27, paired-sample t test, t(28) ϭ 2.71, p Ͻ .05. In the case of a nonaversive sound, this difference in the BP did not reach significance, 77.36 vs. 43.04, t(28) ϭ 1.47, p Ͼ .05.
The ANOVA performed on the WR using the same design as that used for the BP revealed neither a significant main effect of sound, F(2, 56) ϭ 2.42, p Ͼ .05, nor of duration, F(1, 28) ϭ 0.01, p Ͼ .05, and no significant duration ϫ sound interaction, F(2, 56) ϭ 2.24, p Ͼ .05. This indicates that bisection judgments obey Weber's law, with a temporal sensitivity that remains constant for different duration ranges. Furthermore, the expectancy of hearing an aversive or nonaversive signal did not significantly affect sensitivity to time. Indeed, the WR did not differ in any of the experimental conditions, except perhaps in the 800/1600 ms condition for which post hoc tests revealed that the WR value was significantly higher in the trial with the aversive sound than in those without sound, t(14) ϭ 2.88, p Ͼ .05. This seems to indicate that the variability in time judgments tended to be greater with the aversive sound when the expectation time for this stimulus was particularly long, as was the case for the longer durations.
To summarize, our results revealed that the expectation of a threatening stimulus resulted in time being judged as particularly long without, however, undermining the fundamental properties of time perception. Before discussing these results further, we decided to run a second experiment in order to investigate whether this fear-related lengthening effect occurred irrespective of the time at which the aversive sound was presented, that is, at the beginning or at the end of the stimulus to be timed. We imagined that the lengthening effect would be greater when the aversive signal was presented at the end rather than at the beginning of the probe duration because the period of stress is longer in the former condition.
Experiment 2 Methods
Participants. The sample consisted of 34 new students recruited in the same way as in Experiment 1.
Material and procedure. The material and the procedure were the same as in Experiment 1, except that the participants completed only two types of trial, one with an aversive signal and the other without sound. This resulted in a total of 112 trials, 8 blocks of 14 trials (2 ϫ 7), 2 for each type of trial (aversive sound vs. silence), and 7 for the probe durations. The participants were assigned to two groups, differentiated by the location of the aversive sound: that is, either at the beginning (30%) or at the end (similar to Experiment 1) of the probe duration. For a 800-ms duration, it thus occurred at 240 ms when presented at the beginning of the probe duration. The participants were told that they would hear a brief, very unpleasant noise via their headphones at the beginning or at the end of the stimulus duration. A sign indicated whether or not the trial contained this unpleasant sound. Note. Arithmetic mean: 600 and 1200 for 400/800 and 800/1600 ms, respectively; geometric mean: 566 and 1131 for 400/800 and 800/1600 ms. Results Figure 2 indicates the bisection functions when the aversive sound was located at the beginning or at the end of the duration, respectively, compared to the condition in which the aversive signal was not presented. The bisection curves were always orderly, thus indicating a good temporal discrimination in all conditions-with or without a fear-inducing stimulus.
In addition, and in line with the data observed in Experiment 1, irrespective of its location, the aversive sound shifted the bisection curve toward the left, thus lowering the BP value (see Table 2 ). As indicated by the ANOVA run on the BP with the sound as within-subjects factor (with vs. without sound) and the sound location as between-subjects factor (beginning vs. end), there was a significant main effect of sound, F(1, 32) ϭ 34.85, p Ͻ .05, as well as sound location, F(1, 32) ϭ 5.42, p Ͻ .05, and also a marginally significant interaction between these two factors, F(1, 32) ϭ 3.01, p Ͻ .10. In the case of the trial without sound, the BP values were similar in the two location groups (sample t tests, t(32) ϭ 0,84, p Ͼ .05). Providing an aversive sound thus lowered the BP value in each group compared to a condition without sound, both when the sound was presented at the beginning and the end of the stimulus duration (One sample paired t tests, t(16) ϭ 3.05, t(16) ϭ 5.23, respectively, both p Ͻ .05). Furthermore, the lowering of the BP appeared to be greater when the aversive sound occurred at the end rather than at the beginning of the stimulus duration, t(32) ϭ 2.65, p Ͻ .05.
The ANOVA run on the WR revealed neither a main effect of sound, F(1, 32) ϭ 0.60, p Ͼ .05, nor a main effect of sound location, F(1, 32) ϭ 0.01, p Ͼ .05. However, it did reveal a significant sound x location interaction, F(1, 32) ϭ 10.79, p Ͻ .05. This significant interaction was due to the WR value, which was higher with the aversive sound than without sound, but only when the sound occurred at the end of the stimulus duration (end, t(16) ϭ 3.40, p Ͻ .05; beginning, t(16) ϭ 1.56, p Ͼ .05). Once again, this suggests that sensitivity to time is lower when participants are subjected to stress while processing the overall duration, at least in the case of the duration tested here.
Discussion
The present study showed that the expectation of an aversive sound during the processing of time shifted the bisection function toward the left, thus lowering the BP value, compared to the expectation of a nonaversive sound or to the absence of any expectation. In addition, this leftward shift of the bisection function occurred whatever the location of this aversive sound during the probe duration. However, the magnitude of this leftward shift was larger when the exposure to stress was longer. The expectation of an aversive sound also tended to lower sensitivity to time by increasing the WR value, but only when the anticipation of the forthcoming stimulus was maintained during the entire duration (i.e., sound located at the end of the duration), and for the longer anchor duration range. There is a growing body of neuroimaging data which suggests that different neural mechanisms underpin the estimation of durations below and above one second. Estimations of durations of less than a second are thought to call primarily on networks located in the premotor and motor brain areas (basal ganglia, cerebellum) while those of durations of more than a second are believed to call on the prefrontal cortex, that is involved in high cognitive controls (e.g., Buonomano & Karmarkar, 2002; Ivry & Schlerf, 2008; Lewis & Miall, 2009; Grondin, 2010) . The processing of short durations would therefore be more automated and faster. In the present study, the lower sensitivity to time observed for the longest durations may therefore be due to these different mechanisms and indicate the difficulties experienced by participants when required to perform the continuous processing of long durations under conditions forcing them to maintain a constant state of vigilance for future threatening stimuli. Overall, our results showed that the expectancy of a threatening stimulus produced a time distortion by lengthening perceived time. They also showed that the scalar properties of the perception of time remain valid even in this case of fear-related time distortion. Indeed, discrimination between duration values continued to be good and sensitivity to time remained constant for different duration ranges.
In the present study, the temporal overestimation obtained in adults anticipating an aversive sound was consistent with the results of other recent studies in human adults that have used facial expressions or IAPS pictures as emotional stimuli (Angrilli et al., 1997; Doi & Shinohara, 2009; Droit-Volet, Brunot, & Niedenthal, 2004; Gil, Niedenthal, & Droit-Volet, 2007; Tipples, 2008) . However, the aversive sounds seem to have a higher impact on time estimates than these other emotional stimuli, probably due to the fact that the participants have directly experienced fear. Finally, our results were analogous to those found by Meck (1983) who used the same bisection task in animals which were subjected to continuous footshock stress. Our results thus confirm that fear produces a lengthening of perceived time in both humans and animals. The majority of psychologists agree with the idea that this overestimation is due to the fact that fear increases the level of arousal which in turn increases the speed of the internal clock system. By recording the participants' physiological reactions (SCR) to our aversive sound and their self-assessment of its emotional dimensions, we have demonstrated that this sound is effectively a high-arousing stimulus of negative valence that induces the emotions of fear and anger. As suggested by Hillman et al. (2005) , it involves a primitive defensive system. Moreover, our data revealed that the magnitude of the temporal overestimation produced by the expectation of this aversive sound was proportional to the duration value and was greater with the longer than with the shorter anchor-duration range. This finding is entirely consistent with the hypothesis of a speeding up of the internal clock (Maricq, Roberts, & Church, 1981) . Overall, our data thus demonstrated that the expectation of the aversive sound was associated with an increase in arousal level which speeded up the internal clock. In addition, the originality of our study also lies in the fact that it shows that the overestimation of time under threatening conditions does not disrupt time discrimination, since the bisection functions remained orderly and the scalar properties of time were preserved. There is thus a significant increase in the speed of the cognitive processes driven by arousal, but without any disturbance to the attentional processes focused on the target. This finding clearly demonstrates that the processes involved in the human fear system are highly adaptive since they permit accelerated cognitive processing without disrupting competing attentional processes. As explained by LeDoux (1989 LeDoux ( , 1996 , the aversive properties of threatening stimuli elicit a fear reaction that activates a wide range of behavioral and physiological responses. One of these bodily changes would therefore consist in the speeding up of the internal clock. However, we may suppose that the anticipation of a fear-inducing stimulus, on the one hand, and the experience of fear in the presence of a threatening stimulus, on the other, have different effects on the perception of time. The anticipatory stress would fill time and produce shorter rather than longer estimates, by diverting attention away from the processing of time (Orme, 1969) . In contrast, the presence of danger would elicit an autonomic nervous system reaction associated with a speeding up of the internal clock. However, ever since Pavlov's work on fear conditioning, it has been a well-known fact that autonomic arousal responses can be activated after only minimal processing of the eliciting stimulus and can be maintained in the absence of the fear-inducing stimulus (Damasio, 1994; Olsson & Phelps, 2004; Phelps & LeDoux, 2005) . It has also been clearly shown that participants exhibit autonomic responses characteristic of a state of fear in anticipation of aversive outcomes (Öhman & Soares, 1998) . As argued by LeDoux (2000) , the fear system has been treated as a set of processing circuits that detect and respond to danger, rather than as a mechanism through which subjective states of fear are experienced. Consequently, it is possible to observe an arousalrelated overestimation of time during the experience of fear as in Watts and Sharrock's (1984) study, for example, but also in the presence of the stressful state produced by the forthcoming aversive stimulus as suggested by Meck's (1983) study in animals or by the present study involving human adults.
In addition, in the present study, although the nonaversive sound was judged neutral and low-arousing, our data suggest that the expectation of this nonaversive stimulus also produced a temporal overestimation, although to a lesser extent than the aversive stimulus. Only a small number of studies have examined the effect of expectancy in the prospective time paradigm in which participants are told that they have to estimate a temporal interval (Parlyadath & Eagleman, 2007; Ulrich, Nitschke, & Rammsayer, 2006) . For instance, Parlyadath and Eagleman (2007) showed that an unexpected stimulus in a repeated sequence of auditory or visual stimuli appeared to last longer. The violation of a high level of predictability seems to increase the attention allocated to the duration of this new stimulus. However, in our study, the level of predictability was similar in both the aversive and nonaversive conditions. Using a retrospective time estimation paradigm-in which the participants were informed that they had to make a time estimation only after the presentation of the temporal interval- Edmonds, Cahoon, and Bridges (1981) showed that a temporal interval was overestimated when the subjects expected something 1 pleasant whereas it was underestimated when they expected something unpleasant or neutral. These results are not consistent with our own. Nevertheless, we may suppose that the anticipation of a forthcoming stimulus will increase the level of arousal, whatever the nature of this stimulus, thus accelerating the rate of the internal clock. However, as our findings show, the level of arousal was higher when the forthcoming stimulus was unpleasant or dangerous, thus reflecting the mobilization of a defensive system that permits the organism to respond efficiently to the context. Whatever the case, the effect of expectancies on time estimation requires further investigation. Our study therefore reveals that expecting a stimulus distorts time perception by lengthening this perception and especially in the case of a fear-inducing stimulus.
1 Edmonds et al. (1981, p. 259) told their participants that "their experience will be perceived as unpleasant, neutral, or pleasant." However, the participants were, in fact, not exposed to any stimulus following the temporal interval.
